We report changes in sleep dynamics recorded in the electroencephalogram (EEG) from a 44 year-old male patient subject (PS) in association with central thalamic deep brain stimulation (CT-DBS). The PS had a long-standing history of severe traumatic brain injury (TBI) occurring at the age of 17 and has remained in a minimally conscious state (MCS) since the time of injury. CT-DBS began 21 years after injury, and sleep EEG measurements were obtained prior to implantation and followed longitudinally over three and a half years post-implantation.
The possible significance of the presence or absence of specific sleep elements as well as their evolution over time is not well characterized in minimally conscious state patients. Patients in MCS exhibit intermittent evidence of responsiveness without the ability to communicate due to lack of consistent or goal-directed movements to external stimuli (Giacino et al., 2002) . Compared to patients in the vegetative state (VS), many MCS patients have hallmark features of sleep, such as spindles and slow waves (Landsness et al., 2011) . However, these elements are often indistinct and challenging to identify according to the normal criteria for sleep staging in persons without brain injury (Cologan et al., 2010) . Rare examples of late recovery have revealed the potential for cognitive capacity in some patients (Voss et al., 2006) . Thus, the examination of longitudinal fluctuations in sleep electrophysiology may provide insight into otherwise unmeasured changes in overall brain function.
The examination of sleep in the setting of CT-DBS is warranted because two key elements of healthy sleep-spindles and slow waves-are generated via thalamocortical feedback loops that prominently involve the neurons within the central thalamus (Contreras et al., 1997; David et al., 2013) . CT-DBS has been proposed as a method to drive frontostriatal activity in the underactive, widely deafferented brain to facilitate behavioral recovery (Schiff et al., 2007) . After severe structural brain injuries such as the one observed in our PS, widespread deafferentation can be expected to produce broad disfacilitation of large-scale cerebral networks (Gold and Lauritzen, 2002) . The central thalamus has been proposed to play a key role in the maintenance of synaptic activity across the frontostriatal systems during wakeful states following severe brain injuries (Schiff, 2012 (Schiff, , 2010 . In support of this hypothesis, CT-DBS produced behavioral improvements in one minimally conscious patient six years after injury (Schiff et al., 2007) . Additionally, cortical evoked responses in this patient provided direct evidence of CT-DBS activation of fronto-central cortical regions (Schiff et al., 2007) . While our PS did not show overt behavioral improvements as a result of CT-DBS, the changes in sleep dynamics observed from pre-to post-CT-DBS implantation provide insight into electrophysiological consequences of CT-DBS treatment.
We collected the following longitudinal data presented here as part of a continuing in-patient study of patients with severe brain injury in recovery from disorders of consciousness (DOC). Written consent was obtained from the patient's surrogate.
This PS participated separately as one of three subjects in a first-in-man study of CT-DBS effects in MCS (Schiff et al., 2007; Giacino et al., 2012) . This patient has been studied longitudinally at four separate time points: first 1 month before DBS implantation (Time point 1, TP 1), second 23 months after DBS (Time point 2, TP 2), third 42 months after DBS (Time point 3, TP 3), and fourth approximately 60 months after DBS (Time point 4, TP 4) (Fig. 1) . The PS' medications did not change over the five-year period studied. As measured with the Coma Recovery Scale-Revised (CRS-R), the PS did not show overt behavioral improvements at the bedside post-CT-DBS (CRS-R scores ranged from 11 to 14 over the course of four visits spanning a five-year period); therefore, he was determined to be in MCS at each admission. See Supplement A for a full clinical history. The healthy volunteer (HV) is a 36 year-old agematched female who was admitted to our study twice, with six months between each visit. We obtained one overnight sleep study from the HV at each admission. The HV gave written consent and was compensated for participation at the end of each study visit.
For the PS, we recorded the overnight EEG at each of the above admissions. We obtained continuous video-EEG recordings during all PS admissions, which include one overnight sleep study at the first and second admissions and two consecutive nights on the third and fourth admissions. For the HV, we obtained continuous 24-h video-EEG recordings during two admissions, and determined there were no significant differences between spectra obtained from the first and second admissions. Thus, we present results from the HV's first admission.
Scalp electrodes were placed according to the International 10-20 system (TP 1; 30 electrodes, TPs 2, 3, 4 and HV recording; 37 electrodes). The EEG was recorded using the Natus XLTEK EEG (San Carlos, CA). In addition, EOG electrodes were placed at right and left outer canthi to record eye movements. Review of the synchronous video record assured the eyes were closed through the entire portion of the record used for analysis. Impedances measured at the beginning and periodically during the recordings were 65 k Ohms. See Schiff et al., 2007 for general methods of CT-DBS surgery and implantation. The cycling of the stimulator was set to a 12 h ON/12 h OFF cycle (ON: 6 am -6 pm).
Visual inspection of the sleep EEG record at the first admission revealed abnormal elements (Fig. 1, TP 1) . Specifically, an unusual mixing of sleep features, which are normally associated with distinct sleep stages, was observed at the first time point
